2,4-Dimethyl-3-a-naphthyl-2,4-dibora-1,3-diazaphenanthrene 1 was characterized by means of 1 H-1 H and 1 H-13 C correlated two-dimensional NMR spectroscopy (COSY) and 1 H-1 H nuclear Overhauser spectroscopy (NOESY), the latter technique allowing ready assignments of the chemical shifts of the aromatic protons of the molecule. Hence the attribution of the 13c chemicall shifts of 1 could be deduced. The reaction of Cr(CO)6 with 1 gives two different isomers. In a first step, a red, quite labile compound was obtained with structure 1 a but could not be separated from the ligand 1. Further heating of the solution resulted in an orange, very stable compound 1 b, nearly insoluble in usual solvents. In the first compound 1 a, the Cr(CO)3 moiety was positively shown to be bonded to the terminal ring by use of 1 Η and/or 13 C NMR spectroscopy together with selective irradiations. In compound 1 b, the Cr(CO)3 moiety was supposed to be attached to the benzo part, i.e. to the benzene cycle fused to the NBNB part of the molecule, in agreement with our previous results with diboradiazanaphthalene ligands. Such result was tentatively derived from chemical evidence using the increased reactivity of the NH bond that readily leads to N-Me compound.
Introduction
In two previous papers^· 2 ), the reaction of Cr(CO)6 (viz. Mo(CO)e and W(CO)6) with the substituted N-phenyl-diboradiazanaphthalenes was investigated. In every case, only monosubstituted L.M(CO)3 species were obtained, the Cr(CO)3 moiety being attached exclusively to the benzo part of the molecule, i.e. to the fused benzene cycle adjacent to the boron-nitrogen part of the molecule and not to the extra N-bonded phenyl group. Hereafter, we report the reaction of Cr(CO) 6 with ligand 1 (Figure 1 ), a polycyclic heteroarene with five different 6 π-electron systems. However, because of the larger size of the ligand, a prerequisite was the complete assignment of the 1 H and 13 C NMR spectra of 1. Such an attribution was not so straightforward as with the related diboradiazanaphthalene ligands^3) and accordingly required sophisticated NMR techniques such as 1 H-1 H and 1 H-13 C correlated two-dimensional spectroscopy and 1 H-1 H nuclear Overhauser spectroscopy.
Synthesis and NMR hi and ^C Characterization of η^-Benzo-BondedDiboradiazaphenanthrene Tricarbonylchromium Complexes
Results and discussion
NMR study of 1
The correct assignment of the 13 aromatic protons of 1 could not be deduced from the COSY spectrum alone because of long range coupling between protons belonging to fused cycles. Thus, in the contour plot of the COSY DQF spectra, off-diagonal peaks were indeed observed between protons 14, 15, 16, 17 and 18 (viz. 4, 5, 6, 7 and 8) An other point that deserves interest is the resonance of the boron-bonded carbon atom 12. In 13 C NMR spectra, because of the quadrupolar nature of the adjacent boron nucleus ( 10 B; I = 3, 19.8%; 11 B, 1=3/2, 81.2%), the latter carbon atom 12 displayed a very broad signal whose resonance was very difficult to observe and required very high concentrations (about 0.6 M).
Interestingly the 13 C chemical shift of this carbon atom 12 is quite sensitive to ρ π -ρ π interactions between boron and aromatic carbon 12, the greater the derealization, the more negative hence the more shielded the carbon atom 12< 4 ). Such a trend is further emphasized by the chloro derivative (CöHsNBCIte for which 6 13 C = 119.9 ppm, the lack of ortho substituted in the benzo ring allowing a complete planeity of the diboradiaza cycled). The crystallographic structures of the relevant diboradiazanaphthalene ligands^1 · 6 · 7 ) are in line with such vistas.
Reaction of 1 with Cr(CQk Ligand 1 was reacted with Cr(CO)6, in refluxing BU2O/THF as solvent to give after ca 8 h a dark red solution from which compound 1 a could be characterized by means of NMR techniques. Attempted isolation of 1 a by column chromatography (S1O2) resulted in complete degradation. Thus, 1 a was always obtained as a minor compound (ca 10-15% according to 1 H NMR) together with 1. The proton NMR spectrum of this mixture contains four protons strongly shielded, two with doublet fine structure at 6.26 and 6.16 ppm, 3 J = 6.3Hz in both cases and two with triplet fine structure at 5.73 and 5.49 ppm, 3 J = 6.25 and 6.3 Hz respectively), thus involving a terminal ring of 1 as coordination site of attachment of the Cr(CO)3 moiety. Similar results were obtained with CD3COCD3: two triplets were observed at 5.76 and 6.00 ppm ( 3 J = 6.3 Hz for both) and a doublet at 6.48 ppm ( 3 J = 6.7 Hz). Selective irradiation in the same solvent allowed correct attribution : thus, irradiation of the triplet at 5.76 ppm resulted in change in the second triplet at 6.00 ppm and in the complex pattern at ca. 7-7.2 ppm overlapping with the second shielded doublet, while irradiating the doublet at 6.49 ppm influenced the triplet at 6.00 ppm. Hence the correct attribution : 7.20 ppm (18), 6.49 (15), 6.00 (16) and 5,76 (17); further, the NH proton, initially overlapping with 18 in the ligand was slightly deshielded in the complex. Such an assignment is further supported by the 13 C NMR spectrum of the mixture where four signals were observed at 92.9, 90.9, 90.5 and 84 ppm pertaining to strongly shielded aromatic proton-bonded carbon atoms. The relevant signals corresponding to quaternary carbons could not be accuratedly observed because of the low concentration of 1 a in the mixture. The 1 Η and 13 C NMR spectra were also recorded at -25°, -45°, -65° and -75° but no significant changes could be observed regarding this complex ; in particular, no haptotropic shift could be observed in spite of its careful looking for. Such an haptotropic shift, i.e. migration of the Cr(CO)3 moiety from one coordination site to an other one, is usually obtained in the case of naphthalenic compounds^8).
Further heating of the mixture of 1 and Cr(CO)6 resulted in the high yield formation of an orange, air and moisture insensitive precipitate, for which the formulation 1 b was tentatively proposed (see after). According to elemental analysis, only one Cr(CO)3 was bonded to the ligand. The infra-red spectrum of the latter as nujol mull displays the usual CO stretching vibrations at ca 1900-2000 cm" 1 . However, this compound was nearly insoluble in classical solvents. In CDCI3 or CD3COCD3, a very small amount could be dissolved that appear, from the 1 Η NMR spectra, to be a mixture of 1 a and free ligand 1. When DMSO-d6 was used as solvent, only 1 could be detected in solution. Thus, either the orange compound is contaminated by small amounts of 1 a which is the only soluble species further giving rise to the free ligand 1, or more likely, this orange compound dissociates in solution to givel a, 1 and unidentified green materials that appear to be chromium oxydes according to : 21b • 1a+1+{Cr-oxydes} Thus, for this reason no reliable spectroscopic characterization could be obtained in solution for the compound 1 b. Additionally, 13 C and 1 H NMR MAS spectra displayed very broad signals that could not be used for structure elucidation. Hence, we were led to use chemical characterization. Since nucleophilic substitution are made easier in the aromatic ring by coordination with a Cr(CO)3 moiety, an N-methylation of the latter compound was performed by means of Mel using phase transfer catalysis conditions (refluxing NaOH ΙΟΜ/ΟβΗβ, C6H5CH2NEt3 + ,CI" as catalyst). Despite our failure to recover, after oxydation, the N-methylated ligand, the characterization of a mixture of a-CioH?NHMe and C1-C10H7NH2 by 1 H NMR, after hydrolysis, supports the existence of a compound in which the Cr(CO)3 moiety would be attached . Anyhow, the insolubility of 1 b in classical solvents could be accounted for by considering a polymeric species in which there would be a stacking of several units.
Experimental part
General: All reactions were carried out under dry argon using Schlenk techniques. The solvents were thoroughly dried with naphthalene-sodium (tetrahydrofuran (THF) and n Bu20) or P2O5 (CeHg and hexane), deoxygenated and kept under argon. Nuclear magnetic spectra (NMR) were recorded on aBruker AM 300 spectrometer at 300.13 MHz for 1 H and 75.47 MHz for 13 C. Chemical shifts are with respect to tetramethylsilane in both cases, and coupling constants in Hz. Ligand 1 was prepared according to published methods' 9 ) Synthesis of1 a et 1 b : 1.05 g of 1 (3.15 mmol) was heated with 0.70g of Cr(CO)6 (3 .18 mmol) in 50 ml of BU2O-THF (10:1) for 24h. After 8 hof reflux, the solution turned dark red and, once evaporated to dryness provided 0.58 g of a red solid that was a mixture of 1 and 1 a (85:15 according to 1 H NMR spectra), yield of 1 a = 7.8%. Further heating of the solution resulted in the precipitation of an orange compound that, after washing with hexane and benzene appeared as pure 1b (0.62 g, yield = 41.9%). Analysis calc. for C 2 8H2oN2B20 6 Cr: C : 63.88%, Η : 4.26%, Ν : 5.96%, Cr: 11.07%. + ,CI· (0.04 mmol) as a phase transfer catalyst in 40 ml C6H 6 /NaOH 10N (1:1). After refluxing for 1 h, the organic layer was recovered. After air-oxydation, the resulting slurry was refluxed with 5N HCl and the solvent removed. After cooling and carefully bringing to neutrality with ca 5N NaOH, the aqueous solution was extracted with several portions of CeHg. This organic layer was shown to be a mixture of α-naphthylamine and a-C-ioH/NHMe (60/40 according to 1 H NMR spectroscopy). Under the same conditions, i.e.lh refluxing ligand 1 with Mel and C6H 5 CH2NEt3 + ,Cr in 40 ml ΟβΗβ/ΝβΟΗ 10N (1:1), the ligand 1 alone was shown to be unaffected.
